Abstract
Introduction
In response to the very rapidly growing need for energy, the use of a solar energy grows very rapidly. Such energy development, however, also emerges some environmental problems. In this case, Photovoltaic (PV), solar energy conversion equipment directly into electrical energy, has been widely used. PV has a nonlinear characteristic curve; therefore, when loaded directly, PV would make the power generated by the PV not maximal, for this, improving the system is a must [1] . The device called Maximum Power Point Tracker (MPPT) has been used to enable the PV to operate at maximum power point. This device must be used in many of applications such as PV for battery charger application, or PV-Grid system.
The utilization of independent PV requires a greater demand in which this system is mostly applied in some areas inaccessible by power lines. This system is called stand-alone PV systems. The other one is called grid-connected systems in that PV and grid have been integrated. The PV-grid system is a very interesting topic, making this technique growing very rapidly and widely studied by many researchers. In PV-grid integration, it must be ascertained that the PV operates at maximum power point. PV-grid systems that use a two-stage conversion consist of a DC-DC converter functioning as a maximum power point tracker to maximize power generated by PV and inverter acting as an interface to the grid. This system would be more complex, requiring complicated control; hence, it might be costly in its implementation [2] [3] [4] [5] .
In single-stage PV-Grid system using an inverter, the system would be more attractive in view of the use of the inverter both as the maximum power point tracker and as an interface to the grid. In this way, the power generated by PV would be delivered to the grid. A threephase inverter has been used to improve stability in the PV-Grid system. That system is implemented by means of DSP hardware [6] and control using a PI regulator [7] . A single-stage three phase for the solar PV system with energy capture improvement based on voltage control to solve fast changing irradiation problem is proposed. This structure is used along with a DC link voltage control loop and a current control loop [8] . For a better performance, the authors [9] 63 has used fuzzy logic to control this one and the others using Double-Linear-Approximation MPPT [10] . A photovoltaic grid-connected simulation platform for digital/physical hybrid real-time simulation in which RTDS uses a digital-to-analog interface to communicate with external DSP devices were feasibility and effective [11] . An implementation using DSP hardware is commonly rather complex in algorithm and must have a good performance. Though single-phase singlestage PV-grid system using hill-climbing control or P & O has a good performance [4] , [12] [13] [14] , the hill-climbing algorithm based on ∆ V and ∆ P has some oscillations at maximum power point. If ∆ V and ∆ P are large, the system will be faster to achieve maximum power, but the system would produce greater oscillation. In contrast, if ∆ V and ∆ P are getting smaller, achieving the maximum power point would be slower, but with a relatively small oscillation. Capacitor control is used as an MPPT for boost DC-DC converter. This system has been integrated with a single phase inverter to deliver power generated by PV to the grid. In other words, for using a twostage conversion system, the system was relatively complex [15] . In turn, this paper proposes a capacitor bank equilibrium control for MPPT in a singlephase single-stage PV-Grid system, the implementation of which was by using a five-level inverter. A control based on the energy has been stored in a capacitor bank to be detected by the voltage censor on the capacitor. It was by controlling the voltage on the capacitor to see whether it was equal to the power control on the capacitor. This capacitor mounted as capacitor banks located between the PV modules and five-level inverter. This control scheme purposely was to achieve power equilibrium between instantaneous and average power. This strategy in turn would force the average power of five-level inverter to have the same value as the maximum power generated by PV modules. The five-level inverter was used for good performance in power quality output. Finally, it was continued by performing analysis and simulation to demonstrate the design effectiveness.
Research Method
The first step was to recognize the proposed PV-Grid system by describing a theoretical analysis about voltage equilibrium on capacitor bank and PV. Based on Figure 1 , the P-V characteristic of PV was nonlinear. Maximum power point (P MPP ) would be generated by voltage (V MPP ). These values of power would be various under the different condition of irradiance and temperature. 
The second condition: at interval of 3 2 t t  , the capacitor absorbed power from the PV, thus raising the capacitor voltage. Thus, the amount of energy is expressed by the equation below:
Since solar modules used the voltage on the capacitor detection system, the energy absorption can be derived as follows: 
The delivery process and energy absorption would cause voltage fluctuations in the capacitor bank at:
The capacitor bank was capable of storing energy absorbed from the PV and then sent energy to the grid. The amount of energy stored in the capacitor bank was defined by the equation: 
The capacitor bank voltage would fluctuate in value of V. The power supplied or absorbed by the capacitor bank was expressed as follows:
By maintaining a constant voltage value on the circumstances, the power could also be maintained. Based on the above description, the control scheme can be derived as seen in Figure 3 . The output of PV modules was DC voltage in which an inverter was needed to convert DC voltage into AC voltage. Some parallel connections between PV in the grid must consider several parameters, one of which was that the output voltage of the inverter must be synchronized with the grid voltage. If the inverter was used based on current control, the output of the inverter would automatically lock to the grid voltage. Figure 4 shows the block system PV modules, inverter, and the grid. In ideal condition, the average power of injected power had the same value of PV power.
For these conditions, the inverter output current could be expressed as:
( 1 3 ) Figure 5 . Instantaneous values of voltage, current and power
The important one that must be considered was inverter. Inverter with high performance known as the five-level inverter has been investigated [16] . If the five-level inverter made a generalization of the switching function would have the following equation:
Equation (14) shows that the five-level inverter could be used as a controlled current source strategy to transmit power, Figure 6 . 
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The influence of the switch on the current conditions and the actual reference could be illustrated in Figure 7 . Thus, the function of the output current of the switching function was obtained as follows: Figure 7 . Influence of the switch to the current conditions of the reference and the actual current
In the implementation of the actual current will fluctuate around the current ∆I of reference, as seen in Figure 8 . Thus, the reference current and the actual current could be written as follows:
Then the magnitude of the output voltage was obtained as follows:
Equation (18) 68 current magnitude must be ensured equal to the reference value by adding a control system. The proposed scheme of single-phase single-stage PV-Grid system using five-level inverter based capacitor bank voltage equilibrium control is shown in Figure 9 . Figure 9 . The proposed scheme
Results and Analysis
Once the analysis has been conducted, its verification was performed through a simulation. The simulation works were based on Power Simulator software using the scheme as depicted in Figure 9 . Table 1 presents the parameter used in the simulation. The power line system contains a number of resistive loads used as a grid where the PV and five-level inverter were connected to the grid. Furthermore, four conditions for the simulation were taken the solar irradiance under 1000W/m 2 with resistive load of 50 Ohm and 10 Ohm, then the solar irradiance under 500W/m 2 with resistive load of 50 Ohm and 100 Ohm. Under 1000W/m 2 with resistive load of 50 Ohm, it was considered that the power absorbed by a resistive load (50 Ohm) was less than the power generated by PV; therefore, the amount of power would be delivered to the grid. Hence, the grid current's phase angle was 180 0 with respect to the grid voltage and current load and inverter output current would be in phase, Figure 10 . Since the inverter output current and voltage were sinusoidal and in phase, the instantaneous power would fluctuate from zero to maximum value whose average power was equal to the power generated by PV. Capacitor bank played a significant role to keep power equilibrium power delivered PV and five-level inverter, an Equation (7). When the solar irradiance dropped until 500W/m 2 with resistive load change to 100 Ohm, the power generated by PV would be decreased. This condition would influence the power delivered by the grid source. For the load's power lower than the power produced, the amount of power would be absorbed by grid source. For this condition, the grid current's phase angle was 180 0 with respect to the grid voltage and current load and inverter output current would be in phase all of the current would be in phase with respect to the grid voltage, Figure  13 . 
Conclusion
Based on the analysis about single-stage PV-Grid system using five-level inverter based on capacitor bank voltage equilibrium control, it is revealed that a capacitor bank voltage control to obtain equilibrium power on PV was very simple. This control scheme for five-level inverter to maximize the power generated by PV and to deliver power to the grid was derived. In this case, the proposed control was good to achieve the required functions. The simulated result shows that under maximum irradiance (1000W/m 2 ) and when the solar irradiance dropped until 500 W/m 2 , maximum power can still be produced. When the maximum power produced by PV, the five-level inverter is still good to transmit all power generated by PV to the grid. In the use of voltage detection on capacitor method in single-stage PV-Grid system had efficiency at approximately 93.76%.
